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(57) Claim 

1. A heat exchanger devire for an air condi :icninc syscer., 
said heat exchanger device 22 x comprising first and second 
heat exchanger elements i2C, 5 1 ; defining separate firs: and 
second flow passages {22, 33} for heat i rar.spcr; ir.g T.ediurr. , 
and a the rmc electric unit (45; arranged between and having 
opposite heating and ceding surfaces in heat conductive 
contact with the first and second heat exchanger elements, 
respectively, 

characterised in that a plurality cf thermoelectric units 
(45) arranged in side -by -side relationship are sandwiched 
between the heat exchanger elements (3C, 31), and in chac 
each hear exchanger element (30, 31) defines a tortuous flew 
passage (32, 33) therein having a length being several times 
the maximum dimension of the heat exchanger element, or a 
plurality of coextending separate flow passages each having a 
small cross-sectional area. 



the published Swedish Pacer.: Application Nc . S7Q4-395. The air 
conditioning systems disclosed in these documents comprise 
cne or rr.ore therrr.celeccric units which are sandwiched between 
straight water conduits having a rectangular cress - sect icn 
and forming part of heat transfer circuits. 

The known air conditioning systems have a relatively small 
cooling capacity and this may be the reascn why the documents 
are silent about the source of the electric energy which has 
to be supplied to the thermoelectric units of the system. 
This energy source is apparently supposed to be the standard 
battery and electricity supply system already available in an 
existing standard car in which the air conditioning system is 
to be installed. 

The object of the present invention is to provide a heat 
exchanger device for an air conditioning system of the above 
type by means of which the capacity and/or efficiency of the 
air conditioning system may be substantially increased. 

The heat: exchanger device according to the present invention 
comprises first and second heat exchanger elements defining 
separate first and second flow passages therein for heat 
transporting medium, and a thermoelectric unit, such as a so- 
called Peltier element, arrar :ed between and having opposite 
heating and cooling surfaces in heat conductive contact with 
the ;; first' and second heat exchanger element , respectively, 
^;thfe; heat ^ch^er device according to the invention is 
ij§to^ate^ 3^ v ;:t^^t,;;a> , of thermoelectric uiiit s 

Arranged *xn : liS^liy-siSte r££at:l^ between 
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times the maximum dimension of the heat exchanger element or 
a plurality of coextending separate flow passages each having 
a small cross-sectional area. 

The heat exchanger device according to the invention may 
secure an efficient cooling of the warm sides of the 
thermoelectric units and an efficient heating of the cold 
sides of these units, whereby the overall thermal efficiency 
of the air conditioning system may be increased. Furthermore, 
the capacity of the air conditioning system may be adapted to 
that desired by using a suitable number of thermoelectric 
units and by dimensioning the heat exchanger device corre- 
spondingly . 

The flow passages formed in any of the heat exchanger 
elements may comprise two or more tortuous coextending flow 
15 passages or a plurality of substantially straight flow pas- 
sages extending in the longitudinal direction of the heat 
exchanger. As an example, each heat exchanger element may 
define one or a few separate tortuous flow passages covering 
substantially the area contacting the thermoelectric units, 
or a plurality of separate adjacent flow passages extending 
in the longitudinal direction of the heat exchanger element. 
In order to obtain substantially the same effect, the total 
cross -sectional area or areas of the flow passage or passages 
should be substantially the same in either case . 



20 



25 



The thermoelectric units may, for example, be of the type 
marketed by Marlow Industries Inc., such as Model SP1996. 



In principle, the heat exchanger device may have any suitable 
shape allowing the selected number of thermoelectric units to 
become sandwiched between the heat exchanger elements. In the 
30 preferred embodiment, however, the heat exchanger element has 
^ 5 lat ' block ^ ike sha Pe, so as to allow a maximum number of 
thermoelectric units to be included in the heat exchanger 
device in relation to the total volume of this device. 
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to the element at least along the contour of the element. The 
plate-like thermoelectric unit or Peltier element may then be 
arranged between the cover plates of the first and second 
heat exchanger elements, for example by means of thermo con- 
5 ductive 'paste or adhesive. Alternatively or additionally , the 
heat exchanger elements may be clamped together by releasable 
mechanical clamping means, such as screws or bolts, whereby 
an optimum specific contact pressure between the heat 
exchanger elements and the thermoelectric units sandwiched 
10 therebetween may be adjusted. 

The tortuous flow passages defined in the heat exchanger 
elements may have any desired shape securing a good heat 
transfer between the heat transporting medium, usually water 
or an aqueous liquid, flowing through the flow passages and 
15 the adjacent side surfaces of the thermoelectric units. 

However, preferably at least one of the first and second flow 
passages defines one or more meander- shaped patterns which 
have been found to be especially efficient. 

Each of the flow passages defined by the heat exchanger 
20 elements has an inlet and an outlet which may be located at 

any suitable position of the element. Preferably, each of the 
heat exchanger elements has the inlet as well as the outlet 
arranged at the same end. Thus, the first heat exchanger 
element may have its inlet and outlet positioned at one end 
25 while the first element may have its inlet and outlet posi- 
tioned at the opposite end of the heat exchanger device . In 
such case each of the circuits of the air conditioning system 
for heat transporting medium has to be connected to only one 
end of the heat exchanger device. 

30 Each of the heat exchanger elements may have a subetant ially 
rectangular outline, and the flow passage defined in each 
element may then comprise a transversely extending meander- 
shaped flow passage section at each end of the heat exchanger 

- : eleaie&ty ixiterxrolinecteki by a longitudinally extending meander- 
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device being formed by three superposed heat exchanger 
elements, the flow passages formed in the outer elements 
being interconnected. Thermoelectric units may then be 
arranged between the inner heat exchanger element and any of 
5 the outer elements so that the warm sides of the thermoelect- 
ric units are in contact with the outer elements while the 
cold sides are in contact with the inner heat exchanger 
element- In the preferred embodiment, however, the heat 
exchanger device comprises only a pair of heat exchanger 
10 elements, and the length of the flow passage adjacent to the 
warm sides of the thermoelectric units may then be longer 
than that of the other flow passage adjacent to the cold side 
of the thermoelectric units. 

The heat exchanger elements should be made from a material 
15 with good heat conductive characteristics. Thus, the first 
and second heat exchanger elements are preferably made from 
aluminum, copper and/or from alloys thereof. 

The present invention further provides a system for condi- 
tioning air in a room, such as a cabin of a vehicle, such 

20 system comprising a heat exchanger device according to the 
invention as described above, the first and second passages 
of the heat exchanger device being included into first and 
second closed liquid circuits, respectively, each liquid 
circuit including a radiator and means for circulating liquid 

25 therethrough. One of these radiators may be arranged inside 
and one being arranged outside the room in which the air is 
to be conditioned. When the air conditioning system is used 
for conditioning the air of a vehicle cabin, one of the 
liquid circuits may include part of the liquid cooling system 

30 of a combustion engine for driving the vehicle. The radiator 
in the cabin may then selectively be provided with hot water 
from the driving engine or with cold water from the heat 
exchanger device. 



35 



The invention will now be further described with reference to 
the drawings # wherein 
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sage of the heat exchanger device 23, a circulating pump 25, 
a radiator 26 arranged outside the car cabin and having an 
associated blower or fan 27, and a liquid expansion tank 28. 
The cabin radiator 18 may be disconnected from the water 
5 jacket of the engine 10 by means of solenoid valves 29. 

The heat exchanger device 23 will now be described in more 
detail. The device 23 comprises a pair of plate- like elements 
30 and 31 made from metal, such as aluminum. A tortuous 
channel or groove 32 and 33, respectively, is formed in a 

10 side surface of each of the elements 3 0 and 31. The channel 
32 formed in the element 30 comprises a meander- shaped chan- 
nel section 34 arranged at one end of the substantially 
rectangular element 30, a corresponding meander -shaped chan- 
nel section 35 arranged at the opposite end of the element, 

15 and an interconnecting, longitudinally extending, meander- 
shaped channel section 36. Th? end channel section 35 is 
connected to a liquid inlet 37, and the end channel section 
34 is connected to a liquid outlet 38 via a longitudinally 
extending straight channel segment 39. Through holes 4 0 are 

20 positioned along the periphery of the element 3 0 and through 
holes 41 are positioned along the central line of the 
element. A circumferential groove 42 for receiving a sealing 
ring or gasket is formed outside the channel sections 34-36 
and 39. 

25 Apart from the fact that the total length of the channel 33 
in the plate-like element 31 is substantially greater than 
the total length of the channel 32 in the element 30, the 
elements 30 and 31 are alike. Therefore, the reference 
numerals used in Fig. 6 are the same as those of Fig. 5. 

30 However, in Fig. 6 a mark has been added to the reference 
numerals . 

The channels or grooves 32 and 33 in each of the plate- like 
elements 30 and 31, respectively are covered by a thin, heat 
conductive cover plate 43 and 44, respectively, and each of 
35 the cover plates are In sealing engagement with a gasket or a 
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The air conditioning system illustrated in Fig. 1 operates as 
follows. When the on-off switch 13 is in its off position the 
solenoid valves 29 are open while the valve 22 is closed. In 
this state the cabin radiator 18 and the blower 19 may heat 
5 the air in the car cabin in a conventional manner. 

When the switch 13 is moved to its on position the valves 29 
are closed while the valve 22 is opened and electric current 
is supplied to the Peltier elements 4 5 of the heat exchanger 
device 23, to the pumps 21 and 25 and to the fan 27. Water in 

10 the second water circuit 20 will now be circulated through 
the flow passage defined by the channel 3 2 in the heat 
exchanger device 23 whereby the water will be efficiently 
cooled by the Peltier elements 45 in a manner known per se . 
The cold water flowing through the cabin radiator 18 will now 

15 cool the cabin air being circulated in the cabin by means of 
the blower 19. At the same time the warm side of the Peltier 
elements 45 will be cooled by water or another liquid being 
circulated in the third water circuit 24 which includes the 
channel 33 of the heat exchanger device 23, by means of the 

20 pump 25. The heat removed from the heat exchanger device 23 

will be given off to the outside air via the outside radiator . 
26. 

In the air conditioning system shown in Fig. 7. the. parts, 
similar to those shown in Fig. l has been indicated by the 
25 same reference numerals. 

In the embodiment shown in Fig. 7 the second water circuit 
has been made independent of the cooling water circuit 17 and 
comprise a separate radiator 47 arranged opposite to the 
blower IS and a liquid expansion tank 48. Furthermore, the 
30 operation of the various electrical devices of the system is 
controlled by an electric control unit 49. It is appreciated 
that the air conditioning system shown in Fig. 7 may be 
installed in a car without interfering with the existing 
electrical and cooling systems of the car. 



1 -> 



CLAIMS 

1. A heat exchanger device for an air conditioning system, 

said heat exchanger device (23} comprising first and second 
heat exchanger elements (30, 31) defining separate first and 
5 second flow passages (32, 33 ) for heat transport ing medium, 
and a thermoelectric unit (45) arranged between and having 
opposite heating and cooling surfaces in heat conductive 
contact with the first and second heat exchanger elements, 
respectively, 

10 characterised in that a plurality of thermoelectric units 
(45) arranged in side-by-side relationship are sandwiched 
between the heat exchanger elements (30, 31), and in that 
each heat exchanger element (30, 31) defines a tortuous flow 
passage (32, 33) therein having a length being several times 

15 the maximum dimension of the heat exchanger element, or a 

plurality of coextending separate flow passages each having a 
small cross-sectional area. 



2. A heat exchanger device according to claim 1, wherein 

each heat exchanger element (30, 31} has a fiat, block- like 
20 shaoe. 



3. A heat exchanger device according to claim 1 or 2, 
wherein each heat exchanger element has an elongated, prefe- 
rably substantially rectangular shape. 

4. A heat exchanger device according to claim 3, wherein 
25 the maximum longitudinal dimension of each heat exchanger 

element substantially exceeds the maximum transverse dimen- 
sion thereof - 

' :5v A, heat exchanger device according to any of the claims 
15-4 , wherein the ratio between the cross-sect icnai areas of ■ 
30; the flow passage or the sum of the cross -sectional areas of " 
V > /.-the- flbw passages , and the areas of the heat exchanger sur- 
sface facing units is 
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7. A heat exchanger device according to any of the claims 
1-6, whex-ein the flow passage in at least one of said first 
and second heat exchanger elements (3 0, 31) is a channel or 
groove (32, 33) formed in a side surface of the element, 

5 8. A heat exchanger device according to claim 7, wherein 
said first and second flow passages are channels or grooves 
(32, 33) formed in opposite, adjacent side surfaces of the 
first and second heat exchanger elements (30, 31). 

9, A heat exchanger device according to claim 7 or 8, 
10 wherein the channel or groove (32, 33) in each heat exchanger 
element (30, 31) is covered by a cover plate (43, 44) sealed 
to the element along the contour of the element. 



10. A heat exchanger device according to claim 8 and 9, 
wherein the plate-like thermoelectric units (45) are arranged 

15 between the cover plates (43, 44) of the first and second 
heat exchanger elements (3 0, 31) . 

11. A heat exchanger device according to any of the claims 
1-10, wherein the heat exchanger elements (30, 31) are 
clamped together by releasable clamping means, such as screws 

20 or bolts (46) . 

12. A heat exchanger device according to any of the claims 
1-11, wherein at least one of the firjrt and second flow pas- 
sages (32, 33) defines one or more meander- shaped patterns 
(34-36) . 

25 13,. A heat exchanger device according to any of the claims 
1-12, wherein the flow passage (32, 33) of each heat 
exchanger element (30, 31) has an inlet and an outlet (37, 
38) arranged at one end of the heat exchanger element (30, 
' 31) . . " 

30 Jb^ . ; : A heat e x changer device according to claim 12 and 13, 

elements (30, 31) has a 
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20. A system according to claim 19 for conditioning the air 
of a vehicle cabin, wherein the first liquid circuit (20) 
includes part of the liquid cooling system (17) of a combus- 
tion engine (10) for driving the vehicle. 
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